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and Myc (red) and analyzed by immunofluorescence microscopy. Note the similarity in labeling with the different Ab to BARP to that with the anti-Myc Ab. The colocalization index is shown in the rightmost images. The dotted lines delimit the cloud shape of the colocalization index. Costaining N-Flag--galactosidase (-gal) served as a negative control. Interestingly, overexpressed BARP induces morphological changes in COS-1 cells. (C) Preincubation with a GST-BARP fusion protein abolishes the reactivity of the different Ab to BARP. SDS-PAGE of the GST-BARP fragment containing aa 125-698. The Coomassie blue-stained gel is shown. COS-1 cells transfected with cDNAs for N-Myc-BARP were costained with the different Ab to BARP (72, 12B1, or 8B2) after their absorption on the GST-BARP 125-698 fusion protein and Myc (red) and analyzed by immunofluorescence microscopy. (D) M1 is the initiation methionine. Putative amino acid sequences for mouse (GenBank EST: CJ060646), rat (GenBank EST: BF285483), and human (GenBank EST: BM544537) BARP upstream of the initiation Met. Note the absence of a Met before M1 and the lack of homology between human and rodent (red amino acids). WB analysis of wt BARP or BARP with Ala substitutions of two putative initiation Met residues (M1 and M7) and an internal Met (M80) expressed in COS-1 cells. In the absence of M1, M7 can be used as internal translation initiation site. Mutation of both M1 and M7 results in the translation of a 80-kD protein, presumably using M80 as an initiation site. Only mutation of M1, M7, and M80 abolished the production of protein.
Note that compared with wt BARP and M7A and M80A mutants, the BARP M1A and M1A/M7A mutants run faster in Tris-acetate PAGE, indicative of a lower apparent molecular mass. The asterisk indicates a nonspecific band. Note that lane 1 represents a longer exposure of the same membrane than the other lanes. (E) BARP is N-glycosylated on Asn25. COS-1 cells expressing a C-terminal truncation of BARP (aa 1-145), with either an intact (N25) or a mutated (N25Q) putative N-glycosylation site, were treated with tunicamycin to inhibit N-linked glycosylation. The glycosylated form of BARP was also cleaved by Endoglycosidase H or PNGase F treatments. Cell lysates were analyzed by WB using Ab 72 and two separate gels, as shown. Lanes 9-12 are a different exposure of the same membrane as lanes 5-8. Note that tunicamycin or PNGase F results in a reduction in the apparent molecular mass for the truncated BARP but not for the truncated N25Q mutant (red asterisks). Endoglycosidase H affected only the faster migrating band, which presumably represents the high mannose form of BARP. Figure S2 . Expression of BARP in brain and pancreas and membrane localization of Ca v  subunits by BARP. (A) Expression of BARP in brain during mouse development (dev.). WB of mouse brain lysates from the indicated developmental stages. As a control, the blot was overexposed to reveal that a background band for an unknown protein was constant during development. (B) BARP is present in Purkinje cell bodies, dendrites, and axons. Confocal microscopy of cerebellar brain sections stained with several Ab to endogenous BARP (12B1, 72, and 8B2). Absorption of the different Ab on the GST-BARP 125-698 fusion protein abolished the reactivity. Note that antigen retrieval was required for staining of Purkinje cell dendrites with Ab 72. (C) Abs to BARP show no reactivity in the pancreas of mice lacking BARP. Abs to BARP show no reactivity by WB analysis of lysates of isolated islets or by immunohistochemistry on pancreatic sections from mice with a pancreas-specific ablation of the BARP gene. Note the punctate labeling observed for 12B1 and 8B2 (e and f) correspond to blood vessels. Generation of the mouse line will be described elsewhere. KO, knockout. (D) Overexpressed BARP and synaptotagmin I colocalize at the plasma membrane. Cell expression and cell surface labeling of undifferentiated PC12 cells transfected with cDNAs for N-Myc-BARP and N-HA-synaptotagmin I were stained with Abs to Myc and HA. Areas of colocalization are in yellow in the merged image. (E) COS-1 cells were transfected with a cDNA for the different Flag-Ca v  subunits indicated, either with or without a cDNA for BARP. Cells were analyzed by immunofluorescence microscopy using Abs to Flag (green) and BARP (Ab 72). Areas of colocalization appear in yellow in the merged image, and the colocalization index is shown in the rightmost images. Note that overexpression of BARP results in a relocalization of the different Ca v  subunit isoforms to the plasma membrane and that the BARP-induced change in cell morphology is independent of its ability to interact with the Ca v  subunits. Colocalization index indicates that the efficiency of Ca v  subunit recruitment by BARP is similar irrespective of the  isoform. BARP M1A/ M7A, which lacks the transmembrane domain, was cytoplasmic and did not localize Ca v 3 to the plasma membrane. (F) Constitutively overexpressed BARP localizes at the plasma membrane. Confocal microscopy of undifferentiated PC12 cells or undifferentiated PC12 cells stably overexpressing BARP (BARP10), which were costained with Ab to endogenous BARP (12B1 and 72). Areas of colocalization are in yellow in the merged image, and the colocalization index is shown in the rightmost images. The dotted lines delimit the cloud shape of the colocalization index. A 10× longer exposure time was required to detect endogenous BARP compared with overexpressed BARP. Note that both Abs localized BARP at the plasma membrane in PC12 stably overexpressing BARP, but different populations of endogenous BARP are recognized. At least three independent experiments were performed, and representative examples are shown. Figure S3 . Characterization of the domains in BARP and Ca v  subunits that mediate their association. (A and B) Alanine scan mutagenesis to identify amino acids critical for Ca v 3 binding in domain I. The indicated amino acids in the BARP fragment containing aa 380-485 were mutated to alanine, either in clusters of three (A) or individually (B) and screened for their interaction with Ca v 3 in the yeast two-hybrid assay. -Galactosidase activity, indicative of an interaction, is qualitatively indicated (+, interaction; , no interaction; /+, weak interaction). BARP mutants that failed to interact with Ca v 3 are shown in red. (C) Sequential N-and C-terminal mutations to delineate domain I. GST-BARP fragments containing sequential deletions from the N or C terminus were tested for their interaction with Flag-Ca v 3 in pull-down experiments. GST-BARP proteins were precipitated, and the associated Ca v 3 was detected by WB using an Ab to Flag. The association was confirmed by reciprocal immunoprecipitation by precipitating Flag-Ca v  subunits and then detecting the associated GST-BARP. An aliquot of the cell lysates was analyzed by WB to monitor the expression levels of GST-BARP and Flag-Ca v 3. Domain I is defined as the sequence from aa 422 to 442 (Fig.  4 A, a) . Lanes 1-3 and 4-6 of the top blot were run on different gels but otherwise processed in a similar way. IP, immunoprecipitation; PPT, precipitation. (D) Domain I is predicted to acquire an -helical secondary structure. Several secondary prediction algorithms as well as molecular dynamics modeling were consistent with domain I folding into an  helix. Note that amino acids L426, W427, and R430, critical for the interaction with the ABP, cluster to one face of the  helix. (E) Identification of the minimal amino acid sequence of domain II required for its interaction with Ca v 3. Cells were cotransfected with cDNAs for Flag-Ca v 3 and the indicated sequential N-and C-terminal truncated forms of GST-BARP domain II. GST proteins were precipitated, and the associated Ca v 3 was detected by WB using an Ab to Flag. The association was confirmed by reciprocal immunoprecipitation by precipitating Flag-Ca v  subunits and then detecting the associated GST-BARP. An aliquot of the cell lysates was analyzed by WB to monitor the expression levels of GST-BARP and Flag-Ca v 3. Domain II is defined as the sequence from aa 525 to 563 (Fig. 4 B, a) . (F) Coprecipitations to assess which Ca v  isoforms associate with domain I (Dom.I) and/or domain II. COS-1 cells were cotransfected with cDNAs for the indicated Flag-Ca v  isoforms and GST-BARP domain I or domain II. GST-BARP was precipitated, and the associated FlagCa v  isoforms were detected by WB using an Ab to Flag. An aliquot of the cell lysates was analyzed by WB to monitor the expression levels of BARP mutants and different Flag-Ca v  isoforms. Two separate gels were used, as shown. Note that domain I can interact with all four Ca v  isoforms, but no association between domain II and Ca v 1a could be detected. (G) Alignment of the different Ca v  subunit isoforms. The amino acid sequences of the SH3, HOOK, and guanylate kinase-like (GK) domains of the indicated Ca v  subunits were aligned. Residues in red indicate amino acids that differ between Ca v 1a and other Ca v  subunit isoforms. Red underlined amino acids are putative regions that might interact with domain II of BARP. The N-and C-terminal regions of the Ca v  subunits isoforms, which show little similarity, were omitted. (H) Roles of domain I and II in the context of fulllength BARP in recruiting the Ca v  subunit to the plasma membrane. COS-1 cells were cotransfected with cDNAs for Flag-Ca v 3 and Myc-BARP and analyzed by immunofluorescence microscopy using Ab to Flag (green) and Myc (red). Areas of colocalization appear yellow in the merged image, and the colocalization index is shown in the rightmost images. The dotted lines delimit the cloud shape of the colocalization index. Note that BARP mutated in domains I and II (db) fails to relocalize the Ca v 3 subunits to the plasma membrane and mutation of domain I (LW) reduced the efficiency of Ca v 3 subunit recruitment by BARP (colocalization index 0.65 compared with 0.82 for the WT or 0.83 for the LFFL mutant; P < 0.05). Except for the yeast two-hybrid assays, at least three independent experiments were performed, and representative examples are shown. Figure S4 . 2+ channel subunits and BARP were revealed by WB using specific Abs. An aliquot of the cell lysates was analyzed by WB to monitor the expression levels of the Ca v 1.2 subunit, the different Flag-Ca v  isoforms, and BARP. The samples were run on four separate gels, as shown. Note that the presence of the functional BARP domain I interferes with the association of the Ca v  isoforms with the Ca v 1.2 subunit, and mutation of domain I allows the detection of BARP in a ternary complex with Ca v 1.2 and the Ca v  subunits. db, both domains I and II mutated. (E) Coprecipitation of endogenous BARP and Ca v 1, Ca v 3, and Ca v 4 from cerebrum and cerebellum. Endogenous BARP was immunoprecipitated from cerebrum or cerebellum lysates with Ab 8B2, and the associated bound endogenous Ca v  subunits were detected by WB. As a control, immunoprecipitations using control IgG did not pull-down BARP or Ca v  subunits (lanes 2 and 5). The asterisks show the IgG heavy chains. At least three independent experiments were performed, and representative examples are shown. The black line between lanes 3 and 4 indicates the removal of intervening lanes for presentation purposes. Dom.I, domain I; IP, immunoprecipitation.
